The formation and the growth of shear bands in amorphous metallic alloys have been investigated. The meniscus instability process determines the morphology of fracture surfaces. Cell pattern morphology at fracture surface of amorphous alloys was discussed in the frame of voids distribution patterns. A uniform condition in thin shear band leads to the generation of periodically distributed voids. Triangular pattern of voids in the direction normal to the failure front propagation is obviously observed. These voids act as some initiation centres for plastic deformation. Their spacing correlates with the ductile cell size on the fracture surface. The gradual events of decohesion in inter-void bridges were developed by means of fractographic analysis.
Introduction
The motivation of the increase of the interest in the metallic glasses properties study is due to the combination of their unique combination of many physical properties. The requirements of reforming properties of the materials, necessary for practical applications, are ones of the centres of interests in materials science. At higher temperatures, the homogeneous deformation is stimulated by the difusion. Due to the absence of long-range order, the plastic deformation at lower temperatures is localized to the narrow shear band. In the term of interpretation of micromechanisms of the plastic deformation and the failure the concept of Shear Transformation Zone [1] and free volume model [2, 3] are generally used as elemental model defects allowing the plastic deformation of amorphous solids. From the macroscopic point of view the failure of metallic glasses exhibits brittle character, i.e. only little plasticity before the final fracture is observed. The plastic deformation is localized into thin shear bands. Dissipation of plastic work is inside shear bands more higher than in the surroundindg regions. This process is regarded as adiabatic due to the rate of shear band propagation. Depending of the chosen model for deformation defect in amorphous solid, two mechanisms of nucleation of voids on the atomistic scale can be regarded [4, 5] . On the basis of free vulume concept the intensive heating inside of shear band regions causes the generation of free volume. Due to the high concentration of free volume and high atom mobility as a consequence of the local heating, the voids are generated by the coalescence of free volume. The second model of void nucleation mechanism is based on the computer simulations of the shear band propagation. That turbulences at front of the shear band cause the nucleation of "hot spots" as small areas of heated volumes prior to the shear band front. These "hot spots" are DOI 10 .12776/amsc.v3.124
ISSN 1338-1660 distributed periodically with an average distance of 23 µm [6] . In the process of ductile fracture the voids nucleate, grow and coalesce. This process is strongly localized into the shear band with significantly lower viscosity due to heating to the temperatures up to the metal melting ones [7] .
Experimental
Samples of a bulk amorphous alloy with the nominal composition Zr 46.8 Ti 8.2 Cu 7.5 Ni 10 Be 27.5 were failed in uniaxial compression. The morphology of fracture surfaces was analyzed using a scanning electron microscope. Especially the observations of both corresponding fracture surface areas were made.
Results and discussion
Typical morphology of shear fracture surface of amorphous alloys is shown in Fig. 1 . Nearly size-uniform voids lying in the plane are randomly distributed. Due to the high heating in the shear band region the material has lower viscosity and high contraction in peduncles of voids are distinctive [8] [9] [10] . Shear in the shear band with coarsed voids leads to the elongation of residual inter-voids connection in the shear direction associated with an extreme contraction of homogeneous low viscosity material [11, 12] . Contracted needles fell after the rupture to the fracture surface following the local morphology of support. The schematic sketch of the shear failure can be seen in Fig. 2 . In the narrow (about 10 nm) shear band region two types of distribution of voids can be assumed [13, 14] . The distribution of voids in the direction of failure front is rectangular or it has a triangle symmetry. The final stage of failure surface then corresponds to the failure front moving across the voids pattern structure. The situation is described in the detail in Fig. 2 [12, 13] . The growth of voids and their coalescence during the shear failure occur only in the plastic zone, i.e. inside the shear band. The coalescence of voids is carried out via radical contraction of inter-void bridges as it is shown in Fig. 2 right c) . The growth and the coalescence of voids under the action of the shear stress are explained in Fig. 2 right d) . The uniform dimension of dimples is an evidence that the whole volume of the shear band was sheared in the failure process [14] [15] [16] . The tensile failure criterion [17] indicates that tensile failure is controlled by both the normal stress σ and the shear stress τ : The imperfection of void sizes and the difference in local stress and plasticity conditions lead to a gradual coalescence of voids. In Figure 4 left there is the view of the opposite parts of the fracture surface. These parts correspond to the same location in the ductile failure region. The main dimple pattern shows the mirror symmetry of the opposite fracture surfaces. The situation, when anti-symmetric mirror pattern is present, is indicated by arrows. The propagation of this motive is schematic illustrated in the sketch in Fig. 4 right. Due to the coalescence of voids in earlier stages of the failure, the bridges among coalescent voids are "frozen" in their form. The following shear deforms these inter-void bridges in the shear direction as upper part of the sketch in Fig. 4 right demonstrates.
Conclusion
Ductile failure of the amorphous alloy occurs along catastrophic shear in the narrow shear band. Inside the band the homogeneous nucleation of voids via merging of free volume or Shear Transformation Zones in heated region is present. The voids are regularly distributed in the plane. The ductile failure is carried out along the shear bands due to the nucleation, growth and coalescence of voids. The fractographic analysis is useful for time resolving of individual events of the decohesion of inter-void bridges.
